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ABSTRACT KEYWORDS
Aim: To evaluate the ability of B-carotene to protect oxidation effect of Endothelial progenitor cell;
H,0,, and to enhance proliferation and differentiationinto AD-MSCsinto Oxidative stress;
EPCs. Experimental: AD-M SCswereinduced by EGM Bullet Kit medium Reactive oxygen species (ROS);
with or without B-carotene. The proliferation of EPCswas determined by [-carotene;
viable cell number counts. Differentiation into EPCswas characterized by Antioxidant;
the following surface markers: CD 34, CD133 and vascular endothelial Endothelium.

growth factor receptor 2 (VEGFR-2). The protective effect of B-carotene
was measured base on the level of intracellular reactive oxygen species
(ROS) by fluorescencewith 2°,7°- dichlorofluorescein diacetate (DCF-DA)
using flow cytometry. Results: B-Carotene enhanced cell proliferation
and differentiation of AD-MSCs into EPCs, and also decreased the
accumulation of H,0,-induced intracellular ROSin EPCs. Conclusion: -
Carotene playsarolein cell proliferation and differentiation of AD-M SCs
to EPCsthat might be due to decreased intracellular ROS level.

© 2014 Trade ScienceInc. - INDIA

INTRODUCTION cd studiesof patientswith heart failurd*3. Themecha-

nismof improvement involvedther differentiationinto

Mesenchyma stem cdlls(M SCs) gppear tobeboth  smooth muscle and endothelial cells, which caused
multi potent andimmuneprivileged, whichmakethem  neovascularization and improved cardiac function. Cdl
particularly attractivefor stemcell thergpy!»?. Mesen-  population, termed processed lipoaspirate (PLA) cells,
chymal stem cellshaveimproved heart functioninboth  can beisolated from human lipoaspirate, and can dif-
animd modd sof acutemyocardid injury aswell asdini-  ferentiateinto theosteogenic, adipogenic, myogenic, and
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chondrogeniclineages. Processed lipoaspirate cellsex-
pressed multiple CD marker antigens similar on
MSCs?.

Endothelia dysfunction playsamaor roleinthe
development and clinica complicationsof heart failure.
Endothelia progenitor cells (EPCs) have been shown
to providean endogenous repair mechanism to coun-
teract detrimental risk factor-induced effectsand re-
placedysfunctiond endothelium. Enhancing the num-
ber and function of EPCswith targeted interventions
may dicit functiond improvement inindividud swith heart
failuredueto cardiovascular disease (CVD)®.

Freeradical formation isassociated with the nor-
ma natural metabolism of aerobic cdlg™. Theresulting
reactive oxygen species (ROS) serve assecondary in-
tracellular messengersand affect the overall redox sta-
tusof acdl. Theintracellular redox environment hasa
critical rolein controlling apoptosis, proliferation, self-
renewa , senescence, and differentiation. Dysregulation
of any of these processesin EPCswill dter endothelia
cell (EC) function, predisposing to thedevel opment of
vascular pathol ogy!®. To contributeto tissuerepair, EPCs
and stem cellshaveto be equipped with anti-oxidative
defense systemto survive?,

In cohort studies, high intake of B-caroteneisas-
sociated with alower incidence of and mortaity from
CVvDU, Moreover, epidemiological studies have
shown that ahigh intake of B-carotene is associated
with adecreased risk for coronary artery disease!*Y.
Dietary intake of B-carotene or high level B-carotene
in serum and adipose tissue showsinverse associa-
tionswith CvV D!, Betacaroteneisalipid-soluble
antioxidant that rapidly scavengesreactive oxygenin-
termediates™”, and ROS*3, which protectsLDL from
oxidation*, Antioxidants a so counterba ancethe pro-
duction of ROSthat may cause oxidative damageto
cellsand modify cell growth regulatory pathways*>
7, Further, previous studies suggested therole of 8-
caroteneintheregulation of endothelium differentia-
tion(8,

Therefore, theam of thisstudy isto evaluatethe
ability of B-carotene to enhancecdll proliferation of AD-
MSCsandtheir differentiationinto EPCs. In addition,
to evaluate B-carotene protection effect on H,O, oxi-
dationinAD-MSCs.
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EXPERIMENTAL

Thisisadescriptive experimental study that was
donein the Stem Cell and Cancer Institute, Jakarta,
from July 2010 through December 2010. All protocols
were reviewed and approved by the Stem Cell and
Cancer IngtituteInstitutional Review Board prior tothe

study.
M SC isolation from lipoaspir ates

Lipoaspirateswere obtained with informed con-
sent fromindividua sundergoing tumescent liposuction
surgery. Lipoaspirates were stored at 2-8°C for no
longer than 24 hours. Methodsused toisolatetheM SCs
from lipoaspirate were adopted from Sardjono et al.
(2009)191,

Theraw lipoaspirates (120ml) werediluted with
equal volume of Phosphate Buffered Saline(PBS) and
divided in 50ml-tubes. Thediluted lipoaspirateswere
centrifuged at 430xg for 10 minutes continuously at
20°C. After centrifugation, thetarget cdl-containing lipid
phase wasremoved from thetop and transferred into
new tubes and diluted with an equal volume of PBS.
Thiswashing step was repeated twicefollowed by fur-
ther anegua volumedilution of cdll-containing lipid frac-
tion with pre-warmed (37°C) 0.075% collagenasetype
| (SigmaC-9722) in PBS. Enzymedigestion wasdone
by incubation at 37 °C for 30 minutes on an orbital
shaker. After digestion, enzymeactivity wasneutralized
by adding equd volumeof 10%fetd bovineserum (FBS
[Invitrogen 26140]) containing DM EM (Gibco 11965
092). Digested product was then subjected to centrifu-
gation at 600xg for 10 minutes. Pellet was re-suspended
inDMEM with 10% PBS, and filtered through a100-
umstrainer mesh that was attached to avacuum-pump
toremovecdlular debris. Collected cellsafter filtration
werethen ready for culture™,

Anadiquot wastakenfor cell count usng hemocy-
tometer under alight microscopeto determinecell yield.
Countsof viable cellswere determined with ahemocy-
tometer and trypan bluedyeexdusiontechnique. Briefly,
10 pl trypan blue stock solution (0.4% w/v) wasmixed
with 10 pl of cell suspension, incubated for 3 minutesat
room temperature, and the cells were counted in a
hemocytometer. With thismethod, dead cellsappear
blue and aretherefore distingui shablefromviablecedlls.
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AD-MSC culture

Isolation of M SCsfrom other contaminating cells
was done by allowing the cellsto adhere on plastic-
surfaced culturedish (Nunc). Cdlswereseeded witha
density of 40,000 cells'cm?in M esenCult® basal me-
dium (Stem Cdll Technology 5401), whichwas supple-
mented by M SC stimul atory supplement (Stem Cell
Technology 5402 [fina concentration 10%]), 200 unit/
ml penicillin/0.1 mg/ml streptomycin (SigmaP4333),
then kept in 37°C, 5% CO,. After 4 days, unwanted
cells (non-M SC cells and debris) were removed by
two washes of medium and expanded to reach 80%
confluence. In another 6-7 days, adherent cellswere
detached using 0.25% trypsin EDTA solution, then
DMEM + 20% FBSwasused toinactivatethetrypsin.
Detached cellswith fibroblast-like morphology were
culturedina25 cm2 flask (Nunc) for 1 week or until
confluence was achieved, and the cellswere used for
further experiments.

AD-M SC differentiation into EPC

Todifferentiatethe M SCsinto EPCs, cellswere
maintainedin EGM-2MV Bullet Kit medium (Cambrex
CC-155; CC-4176; CC-3162), which contained 10%
(V/V) heat-inactivated FBS, and 1% (v/v) penicillin-
streptomycin. To determinetheeffect of 5-caroteneon
differentiation, the culture medium was supplemented
with 20 pg/mL p-carotene (SigmaAldrich CASno.
7235-40-7) compared to culture medium without -
carotene supplement. Culturewasdoneinahumidified
atmosphereof 95%air and 5% CO, for four, and seven
days, and then harvested for further analysis. Mesen-
chymd stem cdlswereplated ona24-wdl plate (Nunc)
precoated with fibronectin (1 pg/cm?[Roche 10-838-
039-001]) at adensity of 10* cells/well for prolifera-
tion/viability analysis or 10° cells/well on a 6-well
fibronectin coated plate (for EPC marker and ROSlevel
andyss).

Cédl proliferation/viability analysis

Theeffect of -carotene 20 pg/mL oncdl viability
inEGM-2MV Bullet Kit medium wasdetermined by
cdl proliferation/viability analysis. Briefly, cultured cells
weredissociated using trypsin, incubated for 3 minutes
in 37°C, harvested and washed using DMEM + 20%
FBSfollowed by centrifugation at 300g, for 10 min-

utes. Cell pdllet wasresuspended, and cell count was
doneby trypan blue exclusion method. The experiment
wasdonein duplo. Percentage of thetotal viablecell
number was computed and noted. The mean of per-
centagesand standard deviation of viablecellsinfour
and seven day culturewith and without 3-carotene were
calculated and compared.

Flowcytometry Assay of EPC markers

To confirm the effect of 20 pg/mL B-carotenein
M SC differentiation, flowcytometry assaysto detect
EPC markerswere conducted. Cultured cdlsweredis-
sociated using TrypLE™Select (Gibco ME 080181),
incubated for 5 minutesin 37°C, harvested and washed
using DMEM + 20% FBSfollowed by centrifugation
at 300xg, for 10 minutes. The cellswerewashed for 3
timesusing PBS + 2% FBS and centrifuge at 300xg,
for 20 minutes. Cdll pellet wascollected and incubated
iInPBS + 2% FBS + FcR Blocking Reagent, at room
temperature, dark condition, for 15 minutes. After-
wards, mligG1 anti-CD34-PE/CD45-FITC (BD) 20ul,
mlgG1 anti-CD133-PE (Miltenyi Biotech) 10ul, and
mlgG1 anti-KDR/VEGFR-2-PE (R& D system) 15ul
was added separately to cells, followed by appropriate
incubation (CD 34 and CD 133 wereincubated for 15
minutes, and KDR wasincubated for 40 minutes, in4
°C and in darkness). The same procedure was done
for therespectiveisotype antibodies (20ul migG1-PE/
migG1-FITC [BD] as CD34/CD45 control, 3.3 pul
mlgG1-PE [BD] asCD133 control, and 9 ul mIgG1-
PE [BD] asKDR control). The cellswereandyzed by
flowcytometry usng FACSCalibur (BD Biosciences),
the CD counts were computed and noted.
Flowcytometry assay was done in duplo. The mean
and standard deviationsof CD countsin four and seven
day cultureswith and without -carotene were calcu-
lated and compared.

Effect of p-caroteneon ROS level

Quantification of intracel lular ROSlevel wasdone
in duplo by fluorescence assay using 2°,7’-
dichlorofluorescein diacetate (DCF-DA; Invitrogen),
according to modification methodsfrom Stolzing and
Scutt (2006) and Jieet al. (2006) 2°21, After four and
sevendaysin culture, EPCsweredigested with Trypsin-
EDTA and 10* cellswereincubated with 10 uM DCF-
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DA for 30 minutesat 37 °C. After the incubation, the
excess DCF-DA was washed out with PBS + KCI.
Effect of p-carotene on ROS|evel was examined by
incubating thecellswith -carotene (20 ug/mL) for 30
minutes, followed with H,O, (final concentration 100
uM) for one hour, comparedto control (without B-caro-
tene pre-treatment). Theintracellular ROSlevelswere
measured using FACSCdibur flowcytometer (BD Bio-
sciences). Themeasured ROS level valueswere ex-
pressed asapercentage compared to control ROSlevel
vaues.

RESULTS

Effect p-caroteneon cell proliferation

Theeffect of B-carotene treatment on cell prolif-
eration can beseenin TABLE 1, which showed that [3-
carotene supplementation couldincreasecell prolifera-
tionbothinfour and seven day culture. However, higher
cell number was observed after four dayscomparedto
seven daysof incubation.

TABLE 1: Theeffect of B-caroteneon cell proliferation
Viable cell number (%)

Samples

4 days 7 days
Untreated 100.00+ 0.00 100.00+0.00
B-Carotene (20ug/ml)  139.50£17.68  128.00+5.66

Effect of p-car oteneon AD-M SCsdifferentiation
intoEPCs

TABLE 2 showed theeffect of B-carotene onAD-
MSCsdifferentiationinto EPCs. Celsfromculturewith
[3-carotene supplementation showed higher EPC marker
expression compared to those without supplementa
tion. Marked KDR expression was observed after
seven daysof incubation with supplementation of 3-
carotene.

Effect of p-caroteneon EPC ROS level

Theeffect of f-carotene on ROSintracelular level
in EPCscan beseenin Figure 1, which showed that 3-
carotene decreased ROS intracellular level; thus de-
creased oxidativedamagein -EPCsboth in after four
and seven daysof incubation.

TABLE 2: Theeffect of p-caroteneon variousEPC markers

Samples CD34/45 (%) CD133 (%) VEGFR-2 (%)
4 days 7 days 4 days 7 days 4 days 7 days
Untreated 0.13+0.00 0.13+0.00 0.00+.00 0.00+0.00 0.00+0.00 0.00+0.00
B-carotene 0.17+0.03 0.16+0.04 0.01+0.00 3.40+0.78 0.00+0.00 2.78+0.12
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Figurel: Effect p-car otene supplementation on ROSleve of
EPCsat different incubation periods

UT=untreated
DISCUSSIONS

EGM Bullet Kit mediumisaspecial commercial
medium for endothdid cdll lineage, andtherefore might
not support the survival and proliferation of adipose-
derived stem cdlls, but benefited theendothelid cdll lin-
eage; astudy showed that endothelid cdll lineagemight

be present in earlier passages of adipose-derived stem
cellg?2. Compared to culture without B-carotene, a
marked increasein cell number wasobservedin cul-
turewith B-carotene supplementation after four days.
Theincreasein proliferation might bedueto the capac-
ity of B-carotene to scavenge ROS, which production
isinherent in cell growth dueto oxygen consumption.
Interaction of ROSwith lipid producesnew freeradi-
cag” that areinvolved in the production of prostaglan-
dins, which modulate cell growth. Freeradicalsthem-
selvesappear to haveadown regul atory effect on cell
proliferation. Therefore, theincreasein proliferation
due to B-carotene on day-4 in our study was in line
with other findings, interm that B-carotene scavenge
thefreeradicals, and thus counteract down regulation
of cdl proliferation”-23,

Inthisstudy, differentiation into EPC wasdetected
by flowcytometry usng 3 markers(CD34, CD133, and
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vascular endothelia growth factor receptor-2 [VEGFR-
2]/KDR). VEGFR-2isamarker toindicate endothe-
lial characteristics, whereas CD34 and CD133 are
markerstoindicate cell plasticity (temcell character-
istics). Endothelia progenitor cellshaveoriginaly been
defined by their cell surface expression of hematopoi-
etic marker proteins (CD133 and CD34), and endot-
helid marker (VEGFR-2), and their capacity to differ-
entiate into endothelial cellsin situ, and to induce
neovascularization?4,

Theincreasein cell number wasless on day-7th
compared to day-4th. Thisresult might bedueto the
differentiation processof aproportion of theAD-M SCs
into EPCs, which was especialy marked by VEGFR-
2 expression (2.78%) asshownin TABLE 2, and after
differentiation, the proliferation capacity wasdecreased.
Onday-7th, B-carotene supplementation caused anin-
creasein CD 133, and ingignificant increasein CD34/
CD45. Theincreasein CD133 explained thelessin-
creasein proliferation on day-7th, astheeffect of in-
creasein CD133 asstem cell characteristics counter-
balancetheeffect of VEGFR-2 asendothelial charac-
teristics (differentiated cellswith reduced proliferation
capacity).

Intracellular ROS|evel measurement inthisresearch
wasdoneby fluorescence detection of DCF-DA. 2°,7’-
dichlorofluorescein diacetate hasbeen used in severa
studiesdedingwiththeeffect of ROSin cdl culturd®™
21, 2’ 7’-dichlorofluorescein diacetate can cross the
membrane of viable cdlsand isenzymatically hydro-
lyzed by intracellular esterases to 2°,7’-
dichlorofluorescin (DCFH), whichisasubstancewith-
out fluorescence. 2°,7’- Dichlorofluorescin is rapidly
oxidizedto highly fluorescent 2’,7’-dichlorofluorescein
(DCF) in the presence of ROS within the cells, and
DCF remainstrapped withinthe cell; thuscan bemea:
sured to represent theintracellular ROS level 2128,

In our study, B-carotene caused adecreaseinin-
tracdlular ROSlevd on both day-4thand day-7th. This
result might explainthemechanism of proliferationin-
crease dueto -carotene supplementation. Mitochon-
dria, which produce energy to drive endergonic pro-
cessesof cell life, are considered asthemost important
cellular source of freeradicals, asthemain target for
freeradical regulatory, and asthe source of signaling
moleculesthat command cell cycle, proliferation, and

apoptosig?. Deficiency of antioxidantsisconsidered
to bereated to mitochondria oxidativestressand dys-
function, and will damagecell cycleand trigger cells
apoptosis.

Protection against oxidative stressdueto ROSis
accomplished by acomplex defense system composed
of several antioxidative enzymesthat reducethedam-
aging effectsof ROSY. Themost vulnerableorganelles
to oxidative stress are the mitochondria, dueto their
potential for continuous production of superoxidean-
ions. Superoxide anions are converted to hydrogen
peroxideby superoxidedismutases(MnSOD), whereas
hydrogen peroxideisdetoxified by catalaseand glu-
tathione peroxidase (GPx-1). Asthe localization of
MnSOD and GPx-1isinthematrix of mitochondria, in
close proximity to the production of ROS by electron
transport chain, thesetwo enzymesarebelieved to be
the primary antioxidant defense systemsin the mito-
chondrid®. Whentheinherent defense systemisinad-
equate, addition of ROS scavenging agentswill beben-
efidd. Therefore, themechanismof proliferaionincrease
dueto B-carotene supplementation inour study might
be dueto the ROS scavenging ability of B-carotene.

CONCLUSION

B-caroteneplaysaroleincdl proliferation and dif-
ferentiation of AD-M SCsto EPCsthat might bedueto
decreased intracdllular ROSlevd.
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